Obesity and obesity-related disorders are a major threat to public health. It has been suggested that food addiction is a valid clinical concept and that food addiction is a contributing factor to the obesity epidemic. Research involving restricted access 'binge' diets has shown that rodents will display sucrose-related behavior that is reminiscent of substance addiction, under certain conditions. A question that remains, however, is if food or certain components of food possess addictive qualities akin to drugs of abuse. The alternative is that 'food addiction' (or rather 'eating addiction') is not a substance use disorder in the sense that people are addicted to any specific substance or component of food, but rather an addictive disorder involving disinhibition of food intake in general that shares similarities with behavioral addictions such as problem gambling. Here we describe how sugar (a candidate addictive component of frequently consumed foods) has short and long term effects on the brain and compare this to how addictive substances functionally alter the mesolimbic dopamine system. We focus on this system since plasticity changes in the mesolimbic system have been implicated in the development of drug addiction. We conclude that sugar has a strong direct influence on the dopamine system, which underlies its profound reinforcing qualities. However, at present there is limited evidence to suggest that sugar intake induces plasticity changes comparable to those induced by drugs of abuse. Thus, based on current literature we propose that it is probably that the long term effects of sugar on the brain are both qualitatively as well as quantitatively different from those of addictive substances.
Introduction
Obesity and its comorbidities are a major threat to public health and a serious socioeconomic burden [1, 2] . It has recently been suggested that addiction-like processes might contribute to the obesity epidemic [3, 4] . However, opinions differ on whether food, or components of food, themselves have addictive qualities that are comparable to those of addictive substances [5, 6] . With substance addiction, there is a specific substance (e.g. cocaine) to which the subject is addicted and the exposure to cocaine is causally involved in the development of the addiction. It is currently not clear if food can play a similar role in the development of addictive behavior. Alternatively, 'food addiction' may not be a substance addiction, but rather a behavioral addiction (like problem gambling), involving disinhibition of eating in general. If so, the disorder might be more aptly described using the term 'eating addiction' [7 ] .
This short review is not meant to debate the clinical validity or usefulness of the concept of eating addiction. We acknowledge that there is evidence of humans and animals displaying addiction-like behavior directed at food [8] [9] [10] [11] [12] [13] . It is not clear, however, if the addiction-like behavior in these examples is a consequence of exposure to a specific component of food, such as is the case for substance addiction. Therefore, we would like to limit the scope of this review to the question of whether an important component of modern food, namely sugar, has addictive qualities and if so, if these are comparable to those of drugs of abuse. Here we focus on sugar because sugar-rich foods and drinks are increasingly available in society. Many have suggested that these omnipresent 'hyper palatable' (i.e. very tasty) sugar-rich foods possess addictive qualities and that these therefore make a major contribution to the obesity epidemic [13, 14] . Interestingly, this might be more so for sugar-rich drinks than for foods [15] . We have limited our review to preclinical literature dealing with the effects on sugar on the mesolimbic dopamine system. This system plays a key role in reward prediction and reinforcement learning [16] [17] [18] , motivation [19] and incentive salience [20] . There is strong evidence that plasticity changes in this system facilitate the development of addictive behavior [21, 22] . Furthermore, because we intend to describe the effect of sugar itself on the mesolimbic dopamine system, we do not extensively discuss research that combines sucrose exposure with stressful stimuli (such as prolonged food deprivation or painful stimuli) or highfat/high-sucrose combination diets in this review.
